INTRODUCTION
Placement of an umbilical venous catheter (UVC) was first reported in 1947 for an exchange transfusion. 1 Utilization of UVCs is now routine in caring for both ill premature and term newborns. The ideal UVC position to minimize complications is at the right atrial/ inferior vena cava junction or in the thoracic inferior vena cava. 2, 3 However, most institutions also accept right atrial placement. Potential complications of incorrect UVC placement include arrhythmias, 4 intracardiac thrombosis, 5 systemic and pulmonary embolization, 6 endocarditis, 7 myocardial perforation, 3 pericardial effusion, 8 pleural effusion, and pulmonary infarction and hemorrhage. 9, 10 Several studies have attempted to identify variables that can be used to estimate correct insertion length. Two of the most common methods used to guide insertion length based on these studies are the shoulder-umbilicus length graph and a regression equation based on birth weight. 11, 12 Antero-posterior (AP) chest radiography (CXR) is the most common method used to confirm appropriate UVC position; lateral CXR, venous pressure monitoring, and blood gas analysis may also be utilized. However, several studies question the validity of these common methods used for estimating correct catheter insertion length and final anatomic position. 13 -16 Echocardiography, performed for other indications in neonates with UVCs, reveals a high incidence of malpositioned catheters, with many in the left atrium. 17, 18 Some studies have suggested that echocardiography with saline ''contrast'' injection to document distal catheter location should be the ''gold standard'' to confirm correct UVC placement. 15, 16 However, many of these studies have a limited number of patients and do not compare the traditional methods of assessing catheter tip position to echocardiography. The purpose of this study is to evaluate prospectively the validity of the traditional tools for prediction of anatomic location after UVC insertion using echocardiography with saline injection to document definitively anatomic catheter location.
STUDY DESIGN
Patients admitted to Children's National Medical Center neonatal intensive care unit between January 1998 and December 2000 who required UVC placement or had an UVC in place prior to admission were eligible. The study design was approved by the hospital Institutional Review Board. Informed consent was obtained from parents of all participants.
OBJECTIVE:
To compare techniques for guiding and confirming placement of umbilical venous catheters ( UVCs ) using two -dimensional echocardiography.
STUDY DESIGN:
Fifty -three newborns admitted to our neonatal intensive care unit who required an UVC or who were transferred within 24 hours of UVC placement at a referring hospital were studied. UVC position was assessed by anteroposterior ( AP ) chest radiography ( CXR ), lateral CXR, and oxygenation data. The accuracy of the above techniques was compared to echocardiography with saline contrast injection.
RESULTS:
Echocardiography revealed that UVCs were located ideally at the right atrial / inferior vena cava junction in only 12 ( 23% ) of 53 patients. Twenty -four ( 45% ) were incorrectly positioned in the left atrium. The sensitivity and specificity of AP CXR in evaluating inappropriate UVC position were 32% and 89%, respectively. Lateral CXR and thoracic level on AP CXR did not predict accurately catheter position. UVC pO 2 data were not useful in excluding left atrial placement.
Original Article
UVCs were placed by the Children's National Medical Center neonatology team or at the outside referring hospital using standard techniques for catheter insertion and estimation of location. Data collection included gestational age, weight, length, umbilical stump length, shoulder-umbilical length, reason for placement, diagnosis, and method used to determine insertion length, if available. After placement, an AP CXR was obtained and the catheter was repositioned based on preliminary interpretation of the AP CXR by the physician inserting the catheter. Repeat AP CXRs were performed if the catheter was repositioned. AP CXRs performed in closest temporal relation to the echocardiographic study were chosen for analysis.
Echocardiography with saline contrast injection was performed within 24 hours of catheter placement. Echocardiograms were performed (Sonos 5500; Philips Ultrasound, Andover, MA) and recorded on videotape by a pediatric sonographer or cardiologist and interpreted by a board-certified pediatric cardiologist. The UVC was imaged from parasternal short and long axes, apical 4 chamber, and subcostal coronal and sagittal windows. At the time of the echocardiography, a lateral CXR was obtained and blood gas sampling (saturation and pO 2 ) was obtained from all UVCs with blood return and from arterial catheters, if present. Systemic pulse oximetry was also documented. Catheter position was considered to be acceptable if it was found to be in the right atrium, right atrial/inferior vena cava junction, or thoracic inferior vena cava. Catheter position was adjusted if echocardiography revealed unacceptable positioning.
A board-certified pediatric radiologist blinded to the preliminary CXR interpretation and echocardiography placement interpreted all study CXRs. Prediction of anatomic location on AP CXR was made on the basis of catheter tip location relative to the right cardiac margin, the diaphragm, the superior vena cava, the pulmonary hila, and the vertebral column. Note was also made of the level of each catheter relative to the thoracic and lumbar vertebral bodies on AP CXR. Prediction of catheter tip position in the lateral projection was based on the AP location of the catheter and its ''depth'' within the cardiac silhouette. UVC blood gas sampling revealing saturation and pO 2 equal to or greater than simultaneous arterial blood gas saturation and pO 2 or systemic pulse oximetry was interpreted as being suggestive of left atrial catheter placement. UVC saturation and pO 2 less than arterial saturation and pO 2 or pulse oximetry were interpreted as being indicative of right atrial, superior vena cava, inferior vena cava, or hepatic venous placement. Predicted catheter position by CXR and oxygenation data were compared to that observed by echocardiography, and the positive predictive value (PPV), negative predictive value (NPV), sensitivity, and specificity were calculated. Two-tailed unpaired t testing was used to compare continuous variables. Statistical significance was assumed at p<0.05.
RESULTS
A total of 53 patients were enrolled. Gestational age ranged from 24 to 42 weeks and birth weights ranged from 550 to 4320 g. The most common diagnoses were prematurity and term respiratory distress syndromes.
Prematurity (mean 33.1±5.7 vs 36.5±3.9 weeks, p<0.05) and shoulder-umbilical length (mean 14.7±2.91 vs 16.6±2.57 cm, p<0.05) were statistically significant risk factors for catheter placement in the left atrium. There was a trend towards lower weight in those infants with left atrial UVC position, but this was not significant. Insertion of the UVC prior to transfer to the study hospital, birth weight, birth length, and diagnosis were not statistically significant risk factors for left atrial catheter placement.
Information on the exact technique used to guide insertion length was only known in patients from the study institution (n=27). The shoulder-umbilicus length graph was used more often than the regression equation. All but one of the catheters placed Figure 1 . AP CXR ( left ) and two -dimensional echocardiograpic image ( right ) taken from the same patient at the same time. AP CXR shows the UVC to be at T 8 ( black arrow ). The catheter was interpreted to be in the right atrium. Parasternal short axis echocardiographic image shows that the catheter ( white arrows ) is actually across the atrial septum ( *), deep into the left atrium. Ao, aorta; LA, left atrium; RA, right atrium; RV, right ventricle. using the shoulder-umbilicus length graph required adjustment after the initial radiograph or echocardiogram. All catheters placed using the regression equation needed manipulation.
Echocardiography revealed that UVCs were located ideally at the right atrial/inferior vena cava junction or in the thoracic inferior vena cava in only 12 (23%) patients. UVCs were located in the right atrium in 15 (28%) patients, in the left atrium in 24 (45%) patients, and in an intrahepatic blood vessel in 2 (4%) patients. Of the 53 patients enrolled, one did not have CXRs available for analysis, one did not have films after adjustment of the UVC, and one had CXRs that were not interpretable. Saline contrast was necessary to definitively identify catheter tip location in 16 (31%) patients. Two-dimensional echocardiography, alone, would have been sufficient to clearly identify catheter location in the rest of the patients.
The UVC location was predicted from AP CXR interpretation to be in the left atrium in 11 patients, in the right atrium in 33 patients, at the right atrial/inferior cava junction in 4 patients, and in the liver in 2 patients. Eight of 11 catheters thought to be in the left atrium by AP CXR interpretation were found to be in the left atrium by echocardiography (PPV of 70% for detection of left atrial placement). However, of 38 catheters interpreted to be in the right atrium, at the right atrial/inferior vena cava junction, or in a hepatic vessel by AP CXR, 15 were documented to be in the left atrium by echocardiography (NPV of 60%). This results in a sensitivity of 32% and specificity of 89% for AP CXR in assessing left atrial placement. There was one UVC in the liver by echocardiography that was also interpreted as being in a hepatic vessel on AP CXR. Figure 1 shows an AP CXR and short axis image of a patient whose deep left atrial UVC location was incorrectly predicted to be in the right atrium by AP CXR.
Catheter tips were located at thoracic (T 5 -T 12 ) and lumbar (L 1 ) vertebral bodies by AP CXR. There was poor correlation between thoracic level by CXR and catheter location by echocardiography (right atrial/inferior vena cava junction or inferior vena cava placement -thoracic level: 8.6±2.1, right atrium: 8.0±1.3, left atrium: 7.2±1.4). However, all catheters above T 6 were in the left atrium, and no catheters below T 10 were in the left atrium according to echocardiography (Figure 2 ).
There were 33 lateral CXRs available for analysis. Thirteen of 23 catheters thought to be in the left atrium by lateral CXR interpretation were found to be in the left atrium by echocardiography (PPV of 57%). Four of nine UVCs with lateral CXR interpretations of position in the right atrium, at the right atrial/inferior vena cava junction, or in a hepatic vessel were found to be in the left atrium by echocardiography (NPV of 56%). This reveals a sensitivity and specificity of 76% and 33%, respectively, for lateral CXR in identifying left atrial UVC placement. The one UVC in the liver by echocardiography was identified as being in the liver on lateral CXR.
Umbilical venous blood sampling was available from 40 patients. The catheter location by venous pO 2 and saturation was predicted to be in the left atrium in 10 patients and in the right atrium, right atrial/inferior vena cava junction, inferior vena cava, or liver in 30 patients. Eight of 10 UVCs predicted to be in the left atrium by venous oxygenation data were in the left atrium by echocardiography (PPV of 80%). However, 11 of 30 catheters interpreted to be outside of the left atrium were actually found to be in the left atrium by echocardiography (NPV of 63%). The sensitivity and specificity of this technique in differentiating between left atrial and other placement of catheters were 45% and 95%, respectively. Complications were not routinely followed. However, there was one known complication of a pericardial effusion with a catheter tip found to be in the right atrium on echocardiography at the time of diagnosis but not coincidental with the study echocardiogram.
DISCUSSION
UVCs have been used in the care of the ill neonate for over 50 years. They are used for initial resuscitation and stabilization in the delivery room and later in the neonatal intensive care unit for fluid, medication, and nutrition administration. They continue to be used for exchange transfusions and are occasionally utilized for invasive procedures such as atrial septostomies or as access for embolization of cranial arteriovenous malformations. Avoidance of left atrial placement is important to minimize the complications associated with use of UVCs. 4 -10 Our study shows that echocardiography will detect a significant number of catheters -predicted to be in an appropriate location by standard techniques -to actually be inappropriately placed. 
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Placement of UVCs at the right atrial/inferior vena cava junction or in the thoracic inferior vena cava is the most desirable anatomic location. 2, 3 The normal UVC catheter course traverses through the umbilical vein and then into the left branch of the portal vein. The catheter then passes into the ductus venosus, which lies at the cephalic aspect of the left portal vein. The ductus venosus ends in the right or middle hepatic vein close to their entrance into the inferior vena cava. In utero, umbilical venous blood flow is naturally directed through the foramen ovale into the left atrium by the Eustachian valve and septum primum to maximize distribution of oxygenated blood to the brain through the left heart. Frequently, UVCs take the same path and course through the patent foramen ovale into the left atrium.
Many complications from UVCs ensue from placement in intra-or extrahepatic portal vessels such as portal vein thrombosis, portal hypertension, and liver necrosis. 3 There are also significant complications reported from catheters with tips in the right atrium and left atrium. Despite the documented pathology associated with right atrial catheters, many institutions continue to accept catheter location in the right atrium. This is perhaps due to the lack of an adequate method to ensure accurate right atrial/inferior vena cava junction placement other than echocardiography. Most practitioners agree upon avoidance of left atrial placement.
AP CXR is the most common method used today to check placement of UVCs. Previous studies have shown that AP CXRs are unreliable in determining exact catheter placement. Raval et al. 14 evaluated 62 patients with UVCs and used echocardiography to evaluate the usefulness of AP CXRs in detecting malposition in the left atrium. They defined malposition (presumed left atrial placement) on AP CXR to be a catheter with the tip above T 7 . Their results are comparable to ours in terms of sensitivity and PPV of AP CXRs. The wide variability in atrial size and position and redundancy of the atrial septum in newborns with otherwise normal cardiac anatomy may explain why radiographic landmarks do not correlate with intracardiac anatomy.
Another study using echocardiography to document UVC location found that 90% of the catheters between T 8 and T 9 were at the right atrial/inferior vena cava junction, whereas 82% of catheters at T 7 were in the right atrium. 15 However, we found in our study that catheters properly placed at the right atrial/inferior vena cava junction or in the inferior vena cava, as documented by echocardiography, were located at a wide range of vertebral bodies by CXR (T 6 -T 11 ). The difficulty, then, with relying on a specific thoracic level to determine placement is that some catheters at a high thoracic level (above T 8 -T 9 ) will actually be in an appropriate position at the right atrial/inferior vena cava junction. If they are subsequently pulled back because of presumed right atrium or left atrium placement, they might be withdrawn into the liver, necessitating removal and attempted replacement, resulting in increased manipulation of patient, possible loss of central access, and increased radiation exposure.
There have been no previous studies that have compared lateral CXR to echocardiography. Lateral CXR has been proposed as being superior to AP CXR in documenting distal catheter position. Initial studies described looking for the s-curve of the UVC as it travels from the umbilical vein to the thoracic inferior vena cava through the ductus venosus. Baker et al. 19 in 1969 first advocated the use of lateral CXR to differentiate umbilical artery catheters from umbilical vein catheters. Rosen and Reich 20 in 1970 again recommended the use of lateral films to confirm placement, stating the course of UVCs on AP films to be variable. However, they added that if the catheter tip on lateral films is above the junction of the posterior cardiac silhouette with the right hemidiaphragm, right atrial placement cannot be excluded, and thus other methods should be employed to document placement. Campbell 2 in 1970 again noted the usefulness of lateral CXRs in ensuring placement beyond the ductus venosus, however -also noting that AP CXRs are preferred for delineating intrathoracic location. Our study has shown that lateral CXRs are more sensitive, but less specific, than AP CXRs for detection of left atrial catheter location.
UVC oxygenation data have been used to help confirm placement of UVCs. However, there have been no prior studies that have evaluated their usefulness in documenting UVC location. UVC pO 2 cannot differentiate between incorrect placement in the right atrium or liver and correct placement at the right atrial/inferior vena cava junction. Our results indicate that UVC pO 2 or saturations are useful if they are equal to the arterial pO 2 or systemic pulse oximetry in suggesting left atrial placement. However, if the UVC pO 2 or saturation is less than the arterial pO 2 or systemic saturation, it does not rule out left atrial placement. This is probably due to streaming of deoxygenated blood from the inferior vena cava through the patent foramen ovale.
Our data also conform with another study in revealing that the shoulder-umbilicus length graphs by Dunn 11 are not adequate to guide placement to a correct position. We also found that the regression equation based on birth weight was not helpful in predicting correct insertion length. Both of these techniques tended to overestimate insertion length, especially in premature infants. With a larger cohort of patients, perhaps new graphs or regression equations that would be more accurate in guiding placement could be developed.
Limitations of our study include the inability to ensure constancy of the catheter position between the radiographic studies and the echocardiogram. Attempts were made to use the CXR performed closest to the time of the echocardiogram. Another potential limitation was that not all patients had lateral CXRs performed, raising the potential for introduction of selection bias. However, this was primarily due to omission of the order for the lateral film and not due to specific patient characteristics. Also, we did not use echocardiography or CXR to differentiate between inappropriately ''high'' right atrial positioning versus potentially acceptable ''low'' right atrial position. This would be especially difficult in the smallest of neonates given the diminutive size of their right atrium. There are also no studies comparing ''high'' versus ''low'' right atrial positioning and incidence of complications.
Whereas echocardiograms are costly and cumbersome for many neonatal intensive care units to perform with each UVC placement, they might be worthwhile in select populations. These include premature infants who are more likely to have a misplaced catheter or patients whose UVCs appear to be in the liver on AP and lateral CXR. Some catheters that appeared to be in the liver on AP or lateral CXRs were found to be in the right atrium or inferior vena cava on echocardiography and would have been unnecessarily removed based on CXR placement. With the development of newer ''miniature'' echocardiography devices, it would be feasible for neonatologists to learn to employ these machines to assist in correct catheter placement. When echocardiograms are being done for other reasons, catheter placement can easily be evaluated, and catheters can be repositioned as necessary without much added discomfort to the infant. Benefits to the use of echocardiography to guide and confirm UVC placement include decreased radiation exposure, decreased manipulation of the infant, and avoidance of life-threatening complications of incorrect line placement.
Current methods commonly used to determine UVC insertion length and confirm correct placement are inadequate and expose neonates to preventable morbidity. AP CXR and UVC blood gas sampling can underestimate the incidence of left atrial placement, and lateral CXR overestimates left atrial placement. Echocardiography with saline contrast injection is the gold standard for determination of catheter location and should be considered whenever possible, especially in premature patients. Newer technology should allow more widespread access to echocardiography in the near future.
